We examined TP53 mutation in 57 patients with myelodysplastic syndrome (MDS) at either the MDS phase or at the terminal leukemic phase using polymerase chain reactionmediated single-strand conformation polymorphism (PCR-SSCP) analysis. TP53 mutations within exons 5 through 8 were found in seven patients. All these mutations were detected at the presentation of MDS whether these patients showed leukemic transformation or not. TP53 mutations were frequently found in patients with loss of the short arm P53, LOCATED ON the short arm of chromosome 17 at band ~1 3 , ' is a tumor suppressor gene whose product has been shown to regulate cell proliferati~n.~.~ Accumulation of normal TP53 protein mediates G1 arrest in the cell cycle when DNA is damaged by irradiation or chemical^.^ Alterations of TP53 are observed in several classes of hematologic malignancies; acute myeloid leukemia,' myelodysplastic syndrome (MDS),6.7 and chronic myelogenous leukemia (CML) at blast crisis,8 although the frequency is relatively low. In MDS, Jonveaux et a16 detected TP53 mutation in five of 151 patients, and Sugimoto et a17 found three cases among 44 patients in MDS phase, but none in six samples of leukemic phase. Thus, the alteration of the TP53 seems to be partly responsible for the development of MDS, but not for the leukemic transformation.
P53, LOCATED ON the short arm of chromosome 17 at band ~1 3 , ' is a tumor suppressor gene whose product has been shown to regulate cell proliferati~n.~.~ Accumulation of normal TP53 protein mediates G1 arrest in the cell cycle when DNA is damaged by irradiation or chemical^.^ Alterations of TP53 are observed in several classes of hematologic malignancies; acute myeloid leukemia,' myelodysplastic syndrome (MDS),6.7 and chronic myelogenous leukemia (CML) at blast crisis,8 although the frequency is relatively low. In MDS, Jonveaux et a16 detected TP53 mutation in five of 151 patients, and Sugimoto et a17 found three cases among 44 patients in MDS phase, but none in six samples of leukemic phase. Thus, the alteration of the TP53 seems to be partly responsible for the development of MDS, but not for the leukemic transformation.
A correlation between TP53 mutation and abnormality of chromosome 17 was reported by several investigator^.^.^,^^." They showed that patients with loss of the short arm of chromosome 17 (17p-) had TP53 mutations more frequently than those with normal chromosome 17 homologue. However, it was also reported that those patients who showed 17p-as the sole abnormality seldom had a TP53 mutation."." Furthermore, a complex chromosome abnormality is closely related to a genomic instability caused by TP53 ina~tivation.~ In this study, we examined exons 5 to 8 of the TP53 in 57 patients with MDS because the mutations have been reported to be accumulated in this region." The most recent samples available were first screened using polymerase chain reaction-mediated single-strand conformation polymorphism (PCR-SSCP) analysis,13 and the TP53 mutations were confirmed by direct sequencing. In cases where a TP53 mutation was detected, we examined earlier samples whenever possible. Furthermore, because we examined the TP53 mutation and the karyotypes in the same materials, we determined if there was a correlation between TP53 mutations and chromosome findings.
T MATERIALS AND METHODS

Patients.
Bone marrow samples were collected from 57 patients with MDS after obtaining informed consent. The diagnosis of MDS and its typing were made according to the French-American-British (FAB) morphologic criteria.I4 The materials we first examined were the latest sample, if available, in which chromosome analysis was also successfully done. At the time of examination, 41 patients still remained in MDS phase; 9 with refractory anemia (RA), 4 with RA with ring sideroblasts (RARS), 3 with chronic myelomonocytic leukemia (CMML), 10 with RA with excess of blasts (RAEB), and 15 with RAEB in transformation (RAEB-T). The other 16 had already transformed to the acute leukemia phase, which showed that leukemic cells exceeded 30% of bone marrow nucleated cells. Among these 16 patients examined in the terminal leukemic phase, we also analyzed DNA samples taken at an earlier time when the diagnosis of MDS was made in 7 patients including 4 patients who showed a TP53 mutation ( Table l) .
PCR-SSCP analysis and direct sequencing analysis. PCR-SSCP analysis of the TP53 was performed as described earlier. The PCR products were diluted, denatured, and electrophoresed on 6% polyacrylamide gel containing 5% or 10% glycerol. The gel was then dried and exposed to Kodak X-Omat film (Eastman-Kodak, Rochester, NY) at -80°C.
To confirm the mutation, every PCR product showing mobility shift by the SSCP analysis was directly sequenced by the dideoxy termination method using end-labeled sequencing primers and the T7 Sequencing Kit (Pharmacia LKB, Uppsala, Sweden). The reaction was followed by electrophoresis on 8% polyacrylamide gel containing 7 molL urea.
Cytogenetic analysis. Chromosome analysis was performed according to our ordinary short-term culture method.I6 After trypsinGiemsa-banding, the karyotypes were designated according to the International System for Human Cytogenetic Nomenclature (1991)."
RESULTS
5'-TTCCACACCCCCGCCCGGCA-3'/5"ACCCTGGGCAACC-
5'-GGCCTCATCTTGGGCCTGTG-3'/5"CAGTGTGCAGGGT-
Screening for TP53 mutation. PCR-SSCP analysis showed abnormally migrating bands in seven of 57 patients (12%) (Fig 1 ) . Three patients had RAEB (cases 1 through 3), two of whom were examined at presentation (cases 1 and 2). Four patients had transformed to acute leukemia (cases 4 through 7). and the interval from the initial diagnosis of MDS to the leukemic change was I S , 2.5, 4, and 7 months, respectively ( Table 2 ). When we retrospectively analyzed DNA samples obtained at diagnosis of MDS, aberrant bands were also seen at equal migration in each patient (Fig l) .
All of the abnormalities were identified by direct sequencing. All were missense point mutations. As we summarize in Table 2 , a single bp substitution was detected in each patient. Five of these seven mutations were either A to G, G to A, or C to T transitions, and the remaining two were A to T or G to T transversions. In case 4, the point mutation at codon 136 (CAA + TAA) generates a stop codon that produces a 258 amino acids shorter Tf53 protein. Direct sequencing analysis showed coexistence of normal sequence bands, especially in cases 2 and 3, which may represent a residual normal allele or contamination by normal cells (Fig  2) .
TPS3 mutation and chromosome jindings. Thirty-six of S7 patients (63%) had an abnormal karyotype, including seven who showed a 17p- (Table 3) . Among karyotypically abnormal cases, 14 had a complex karyotype containing three or more aberrations, and the remaining 22 showed a relatively simple abnormal karyotype with less than three aberrations. Mutations of Tf53 were detected more frequently in patients with a complex karyotype (five of 14, 36%) than those with a simple abnormal karyotype or a normal karyotype (two of 43, 4.6%) ( P = .W9 by x* test with Yates' continuity correction). With respect to loss of a 17p, three of seven patients (43%) with a 17p-showed a Tf53 mutation, in contrast to four of SO patients (8%) with a normal pair of chromosome 17 ( P = .W; Table 3 ). Furthermore, a Tf.53 mutation was not detected in the two patients showing a 17p-as a sole chromosome abnormality.
DISCUSSION
We detected Tf53 mutations in seven of 57 patients with MDS ( 1 2%). This incidence is rather high when compared with previous reports?' This may reflect a high incidence pair of chromosome 17 (8%) in our series. Among seven of a 17p-in our series (7 of 57, 12%) because it was reported TP53 mutations observed in our series, 5 (cases 1,2,4,5, and to be seen in approximately 7% of MDS patient^''.'^ and a 6) affected the nucleotide within the four hot-spot regions TP53 mutation is correlated with abnormality of chromocorrelated with evolutionarily conserved domains that are some 17 as we and other investigators have considered to be functionally important." Moreover, all
Actually, a TP53 mutation can be detected more frequently seven mutations affected the same codon of TP53 reported in patients with a 17p-(43%) than in those with a normal to alter in various human malignancies, including 5 (cases For 1, 2,3, 5 , and 6 ) resulting in the same nucleotide substitution as reported."
In our study, mutation of TP53 was significantly associated with a complex karyotypic abnormality. Interestingly, neither of our 2 patients showing a 17p-as a sole abnormality harbored a TP53 mutation, whereas 3 of 5 in which 17p-was combined with other chromosomal abberations, had a TP53 mutation. These findings indicate a correlation of TP53 mutation with complex karyotypic abnormalities, including loss of a 17p. A similar observation was also made when we summarized cases of CML, MDS, and acute leukemia reported by us and others.'" Other intriguing questions are when the TP53 is mutated during the course of MDS and how these mutations are involved in the leukemic change. A higher incidence of mutated TP53 in the transformed leukemia phase (four of 16, 25%) appears to reflect some role of TP53 inactivation in the progression to overt leukemia. However, the longitudinal analysis provided the important finding that, without exceptions, the same mutations detected in the terminal stage had already occurred at the presentation of MDS (four of four cases). Furthermore, among 3 patients who showed a TP53 mutation in the MDS phase, 2 patients were examined at the time of diagnosis of MDS. Alteration of the TP53 has been reported to be a late genetic event in the carcinogenesis model established in colorectal cancer" or in blast crisis of CML.* In contrast to this hypothesis, our findings suggest a different role of TP53 mutation in MDS. Alternatively, MDS patients who represent a TP53 mutation are already in an advanced stage of MDS, regardless of leukemic manifestation. Previous investigations on the TP53 mutation in MDS failed to demonstrate this fact because the longitudinal analysis had not been c~nducted.'.~ Our findings have a prognostic implication; in this study MDS patients with an altered TP53 frequently progressed to overt leukemia (4 of 7,57%) within 7 months from the initial diagnosis of MDS. In addition, the remaining three were deceased within 7 months. Totally, a median leukemia-free survival of patients with TP53 mutation was 4 months, and this was significantly shorter than that of patients without the mutation (median 72 months, P < .01 by generalized Wilcoxon test). We speculate that this difference reflects the fact that some of the patients with TP53 mutation died of other causes before eventual leukemic transformation. Jonveaux et a16 described that 3 of 5 patients with a TP53 mutation progressed to acute leukemia and their prognosis was poor. Taken together, these findings suggest that when the TP53 mutation has emerged at the presentation of MDS, these patients represent a group with a poor prognosis and a high risk of leukemic change. In other words, leukemic transformation is partly predictable by analyzing the TP53 at the diagnosis of MDS. In those patients with a TP53 mutation, a careful follow-up seems to be necessary because of the risk of early leukemic change. More intensive treatment may have to be considered for these patients.
Consequently, TP53 alteration appears to play a certain role in the progression to overt leukemia and contributes to a poor prognosis in some patients with MDS. Lane4 describes that normal TP53 monitors the integrity of the genome and that tumor cells with inactive TP53 cannot carry out a cellcycle arrest at G1 if DNA is damaged. He speculated that cells with TP53 mutations become genetically less stable and accumulate mutations and chromosomal rearrangements at an increasing rate. However, only 25% of patients (4 of 16) with leukemic transformation showed a TP53 mutation.
Thus, a majority of MDS patients transform to acute leukemia without a mutation. As several genetic alterations have also been reported to contribute partly to the leukemic transother mechanisms leading to the progression of MDS remain to be elucidated.
